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Introduction 
The industry is facing the challenge of manufacturing large quantities of therapeutic proteins, 
such as monoclonal antibodies (mAbs), in an effective manner due to the rapidly rising market 
demand. The current production process bottleneck shifts to the purification of protein 
products in the subsequent downstream processing (DSP) after recent process-intensification 
improvements in the upstream processing (USP). The capture, purification, and polishing steps 
of DSP of therapeutic proteins are typically carried out using chromatography and filtration 
techniques. Clarification by filtration and/or centrifugation follows. DSP’s objective is to increase 
the concentration and purity of the target molecules.

The pricey chromatography steps account for a significant portion of the DSP’s total production 
cost for biopharmaceuticals. Stuffed bed chromatography has been the modern workhorse for 
a really long time as it accomplishes incredible yields and purities. However, processing the 
increasing volumes and titers of USP may require conventional chromatography to its limits [1-
3]. As a result, research into novel and alternative technologies that enable process intensification 
is on the rise. The use of single-used equipment, the improvement of process control, and the use 
of scale-down models for more efficient process development are some of the current strategies 
for process intensification. Innovative DSP strategies are outlined in detail. The majority of 
downstream processes will always require multiple steps and purification cascades; however, 
we would like to draw attention to the most recent trends for novel processing concepts and 
separation procedures.

Precipitation is a promising alternative technique because of its rapid and robust processing of 
high titers and large volumes, scalability, high yields, and low costs [4]. Precipitation has recently 
been shown to be a useful alternative to the limited protein-A chromatography that is currently 
used for mAb capture. To meet the requirement for process intensification, tubular reactor designs 
can be used to implement continuous processes. In addition, the current mAb-purification 
platform procedure can include precipitation and subsequent washing (and resolubilization) 
steps. Nonetheless, precipitation can impact other cleansing advances altogether. Recently, it was 
shown that ZnCl2 and polyethylene glycol (PEG) can effectively precipitate mAbs. Dutra and co. 
developed a PEG-free ZnCl2-based precipitation method that improves precipitate harvesting 
and washing by making the processed fluid less viscous.

For the purpose of selectively capturing and purifying mAbs and other therapeutic proteins, 
affinity precipitation with, for instance, stimulus-responsive elastin-like polymers or Ca2+-
dependent calsequestrin fused to affinity peptides has recently been utilized with great success. 
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Abstract
The production of biopharmaceuticals is on the rise. Multiple diseases require them for 
treatment and prevention. In order to produce biopharmaceuticals more effectively, an 
urgent need has been identified for process intensification in downstream processing 
(DSP). The majority of the costs associated with producing pharmaceutically relevant 
proteins are currently covered by the DSP. This brief overview brings together important 
research from the past three years that looks at novel ways to get around this bottleneck. 
The overview includes promising research on the purification of pharmaceutically relevant 
proteins using chromatography, aqueous two-phase systems, precipitation, crystallization, 
magnetic separation, and filtration.
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Partiality precipitation is promising as improved 
peptides permit the development of a hearty 
stage viable cycle, for instance, like protein-A 
fondness chromatography utilized in ebb and 
flow mAb-sanitization stage processes [5-7]. The 
FDA’s “Quality by Design” (QbD) concept could 
be approximated by current process analytical 
technology (PAT) research, which could 
accelerate precipitation-process development 
and guarantee product quality in the future.

Amorphous precipitates lack the purity and 
physicochemical stability of protein crystals, 
which have ordered protein configurations. 
In this manner, crystallization can be utilized 
in middle and cleaning steps in DSP. Another 
benefit is the conceivable ideal controlled arrival 
of restorative proteins from the gem grid when 
utilized as medication detailing. Similar to 
antibody crystallization; protein crystallization 
is a thermal process that is dependent on 
the protein’s supersaturation. Similar to the 
crystallization of small molecules, protein 
crystallization necessitates slow changes in pH, 
ionic strength, and/or temperature, as well as mild 
conditions modifications like salts or polymers 
(cooling crystallization). However, the difficulty 
of implementing the crystallization process is a 
major obstacle. A straightforward crystallization 
process is hampered by the large size and 
intricate structure of proteins, particularly mAbs 
with their flexible hinge region [8]. As a result, 
the current research focuses on gaining a deeper 
comprehension of crystal growth and nucleation 
by employing mathematical methods 19, 20 and 
empirical high-throughput screening.

In the literature, the main reasons why ATPS is 
not yet established in DSP are discussed. There 
are no large-scale studies or promising continuous 
application process designs for ATPS, and the 
underlying mechanisms of ATPS’s effect on 
biomolecule partition are still poorly understood. 
However, these knowledge gaps are the goal of 
researchers. The expectation of parcel coefficients 
is presently researched. The use of coiled flow 
inverters for extraction processes, among other 
reactor systems, is tested. The development of 
(continuous) microfluidic screening provides 
support for understanding and mathematical 
modeling. New phase-forming components, 
like ionic liquids, as well as ways to improve 
the process strategy (like multistage extraction 
or phase/component recycling, for instance) are 
currently the subject of research. In addition, 
reactive ATPS and magnetic-assisted ATPS 
offer additional methods for intensifying the 

process [9]. Three-phase partitioning processes, 
in addition to ATPS, demonstrate advantages 
for protein purification procedures. For future 
process development and scale-up, a systematic 
understanding of ATPS based on small-scale 
screening is considered crucial.

A classic separation mechanism that is frequently 
utilized in chromatographic procedures as well is 
the binding of a pharmaceutically relevant protein 
to a solid phase, such as a mAb. In addition, 
DSP and antibody purification can benefit 
from a variety of batch-adsorbent materials and 
adsorption procedures. In contrast to packed-
bed systems, batch-adsorption systems based on 
magnetic separation are the primary focus of this 
section. Utilizing ferromagnetic, ferrimagnetic, 
or superparamagnetic carriers that carry a specific 
binding site, such as protein-A or protein-G 
domains, is a current trend in these adsorption 
processes. The straightforward separation of 
the bound phase from the nonbound phase 
is a benefit of magnetic-based processes. As a 
result, protein-capture steps are well suited for 
this mechanism [10]. In addition, high-gradient 
magnetic separation processes and separator 
and process design as well as process integration 
is continually improved. Demonstrated that 
antibody capture with magnetic beads can be 
carried out effectively at extremely high cell 
densities. Attractive partition cycles could give 
a maintainable option in contrast to protein-A 
chromatography for future DSP because of the 
energy-proficient division that can be utilized 
in beginning phases of the DSP without past 
collect filtration and centrifugation steps that are 
essential for stuffed bed frameworks.

Discussion
Higher flow rates, which boost productivity, are 
the main advantage of membrane chromatography 
over conventional chromatography. Practical 
production of layer adsorbents offers the chance 
of single-use, lessening tedious and expensive 
cleaning and approval techniques of stuffed bed 
segments in biopharmaceutical applications. 
Increasing membranes’ binding capacities, which 
have long been a major drawback, is the focus of 
a lot of research. The utilization of nonwovens 
and electrospun nanofibers showed outcome 
in decontaminating remedial antibodies and 
different proteins. Roshankhah and others 
developed a cation-exchange z2 laterally fed 
membrane chromatography (z2LFMC) process 
for antibody purification that was three times 
more productive than conventional protein-A 
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chromatography. Numerous recent studies also 
focus on understanding the binding and elution 
mechanisms of mAbs. Despite the numerous 
novel approaches in DSP, chromatography 
remains the working horse for the purification of 
pharmaceutically relevant proteins.

Conclusion
The surveyed examinations recommend 
energizing improvements in biopharmaceutical 
DSP before long. We are confident that some of 
the aforementioned methods will be put into use, 
resulting in improved and longer-lasting protein 
production for use in pharmaceuticals. However, 
it will be difficult in the future to persuade 
regulatory authorities of new purification 
methods as an alternative to established 
chromatography techniques.
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